Role of Peripheral Vacuum Regions in the Control of ECR Plasma Uniformity by Y. Kawai
§9. Role of Peripheral Vacuum Regions in the 
Control of ECR Plasma Uniformity 
Kawai, Y. (Interdisciplinary Graduate School of Engi-
neering Sciences, Kyushu University) 
Electron cyclotron resonance discharges have been used for 
processing plasma as well as acting as an ion beam source. A 
significant advantage of ECR plasma sources is their high 
electron density which can be achieved at low gas pressures. 
Recently, great interest has been directed toward the unifonnity 
and the area of the plasma since the uniformity of ECR plasma 
usually depends on such experimental conditions. We have 
already reported the experiments which indicated that the 
electric field strength of the extraordinary wave (the X wave) 
was small armmd the center of the uniform plasma, and became 
large at the radial edge of the plasma[1]. Furthermore, recent 
numerical results[2] show evidence for the propagation or, 
absorption of the left-handed circularly polarized wave (the L 
wave) or other modes in the ECR plasma even on the 
condition; that the magnetic field strength is greater than the 
ECR condition ( w I w ce < 1 ) or that the electron plasma 
frequency is higher than the wave frequency ( w I w pe < 1 ). 
Recently, electromagnetic waves that propagate up to the 
outside ECR region have been giving some attention in a 
numerical simulation for plasma processing. Therefore, the 
behavior of electromagnetic waves around plasma boundaries, 
where their medium abruptly changes, should be understood 
clearly. This will be useful to select the optimum conditions for 
the uniformity of an ECR plasma and to design guidelines for 
the system of effective ECR plasma sources with diameters 
larger than 200 mm. 
The experimental setup and ECR plasma source was already 
descn'bed [2]. A substrate holder which was electrically isolated 
from the ground was set at 420 mm ( Z = 420 mm) from the 
quartz window. Microwaves of 2.45 GHz were used at the 
principal mode, TE11 mode. The used gas was Ar, and the 
pressure was 0.5- 5 X 10-3 Torr. The magnetic field strength 
of 0.105 T at the window was kept constant to Z = 1420 mm, 
and gradually decreased to a constant value of0.071 T, up to the 
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position of the substrate holder. The ECR position was set at Z 
= 290 mm. In order to investigate the influence of the 
electromagnetic waves propagating in the peripheral vacuum 
regions on plasma production, a two-dimensional 
iriliomogeneity is essential. We used a tw<Hiirnensional wave 
code TASKIWF developed by Fukuyama for wave analysis. 
The dielectric tensor in a cold plasma was used including the 
effect of collision with neutrals and other charged particles. The 
radial profile of the electric field strength at Z = 0 was set to be 
similar to that ofTE11 mode. 
The hollow density profile of 11e was observed under some 
conditions independently of the microwave mode. The plasma 
uniformity between the peaks of 11e was within ± 5 %. 
By two-dimensional measurements, it was found that the 
peaks at the edges of such hollow density profiles exist along a 
magnetic field line. In the region outside the peaks, the electron 
density was very low; this region is called a 'vacuum region' for 
electromagnetic waves. The vacuum width as well as the 
plasma di~eter changes with the mirror ratio. Even though the 
electron density was sufficiently high, the electromagnetic 
waves injected through the quartz window could propagate in 
the vacuum region, which may contnbute to the improvement 
of the plasma uniformity. Namely, the vacuum region is 
expected to play an important role of a wave guide. 
The behavior of the electromagnetic waves in the periphery 
of the ECR plasma for realizing plasma uniformity was 
investigated numerically by TASKIWF which is a simulation 
code that uses FEM solve boundary value problems of the 
Maxwell equation for stationary oscillation of electromagnetic 
waves and makes two-dimensional analysis of wave 
' 
propagation in a partially filled plasma chamber possible. It was 
found that there are electromagnetic waves with long 
wavelengths in the periphery of the ECR plasma, as observed 
here. 
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